Which neurons in the brain become engaged when the body is deprived of food? A new study addresses this question using the vinegar fly Drosophila melanogaster, examining a group of neurons in the brain that show alterations in neural activity when flies are satiated or starved.
Feeding behavior in Drosophila, as with humans, encompasses a broad spectrum of activities that include smelling, tasting, foraging and food ingestion. Numerous assays have been designed over the years to monitor specific aspects of feeding, ranging from giving Drosophila the choice of two different foods and seeing which side they fly towards, to counting the number of times the flies extend their proboscis, or measuring the amount of food ingested. In a new study of Drosophila feeding behavior published in this issue of Current Biology by Park et al. [1] , the starting point was a mutant that showed no preference for a nutritive sugar over a non-nutritive sugar upon starvation. The responsible gene, termed cupcake, encodes a sodium/solute co-transporter-like protein, SLC5A11. The gene is prominently expressed in the ellipsoid body (EB), a region of the insect brain that is better known for its role in locomotion and navigation than food intake. One mechanism proposed in earlier work from this group [2,3] was that SLC5A11-expressing neurons monitor the energy status of flies, and that the neuronal activity of these neurons would change when the animals are starved. The authors now extend this view by showing that the expression of the SLC5A11 gene, as well as the activity and excitability of the neurons expressing the gene, increases upon starvation.
The paper opens with a gem: using intracellular recordings, the authors show that the electrical activity of these EB neurons increases upon starvation. In cupcake mutants, this increase in neuronal activity was not observed, indicating that SLC5A11 function within these neurons is required for the starvation-dependent increase in neuronal activity. The authors then went on to manipulate the activities of these neurons to show that increasing neuronal activity causes the fed animals to act as if starved: these fed flies prefer nutritive sugars over non-nutritive ones, extend their proboscis, eat more and are attracted to certain smells, like that of apple cider. Conversely, inhibiting these neurons meant that the flies no longer had a preference for nutritive sugar, displayed less proboscis extension, ate less, and were not attracted to the smell of apple cider -in other words, these flies behave like satiated flies even when starved.
How might SLC5A11 regulate the excitability of these neurons? The authors looked into the possibility that SLC5A11 modulates the potassium channel dKCNQ, in the light of a previous study showing that a human sodium co-transporter interacts with human KCNQ1 [4] . Based on this cue, Park et al. [1] found that a similar interaction occurs in flies, as SLC5A11 directly interacts with dKCNQ. Indeed, when dKCNQ was knocked down in the EB neurons, the flies showed a strong attraction to nutritive sugar -as wild-type flies do under starved conditions -even when fed. Thus, both dKCNQ and SLC5A11 are required in the EB neurons to regulate this specific aspect of feeding behavior based on their energy states. What makes this new work stand out is the depth of analysis: it goes from behavior, to gene, to neuron, to neuronal excitability, and to the identification of a new molecular component that functions within these neurons. Future work will likely include analyzing how these gene products functionally interact. What appears to be already clear is that, despite its sequence similarity and initial view that it might act as a nutrient sensor, the authors now show that SLC5A11 does not transport glucose and that the EB neuronal cluster does not act as a glucose sensor.
Where do these neurons fit in the context of other neurons that have been characterized previously? Numerous types of 'feeding neurons' have been identified through different behavioral analyses and shown to localize to different regions of the fly feeding system, including pharyngeal taste neurons, motor neurons innervating the muscles for food intake, and internal nutrient sensors in the neurosecretory regions of the brain. Interneurons expressing different neurotransmitters and neuropeptides have also been localized in the subesophageal zone, a region known to be important for feeding behavior in insects (Figure 1 ). So far, these studies have benefited from the new genetic technologies for monitoring and manipulating neurons, sophisticated strategies for targeting them, and increased resolution of quantitative behavioral assays. However, it is not so easy to compare these data and to group the neurons into distinct functional classes since different sets of behavioral paradigms and tools have been used in these analyses. For example, 'increased feeding behavior' can be used to describe many different events -increased frequency of proboscis extension, increased feeding rate, longer duration of feeding, increased food ingestion over different time periods, increased movement towards a particular food, and so on. In addition, these assays can be performed on fed or nutrient-deprived flies, with the nutrient deprivation condition being complete starvation or solely protein starvation, for example. As more and more neurons are identified, it would be informative to test these different neurons under a common set of assay conditions.
A bigger issue is placing the different neuron clusters into a functional circuit.
Although individual connections are beginning to be established, for example, between pharyngeal taste neurons and ingestion neurons as recently shown [5] , the ways in which the different neurons depicted in Figure 1 are interconnected remains largely unknown. How can such connections be revealed? Our bet is clearly on the electron microscopy (EM) reconstructions, together with the efforts to align neurons identified by light microscopy with those from EM datasets. A way in which this might be achieved can be seen from the recent analysis of behaviors from the Drosophila larval stage, where the circuit for nociceptive escape behavior is being dissected through a combination of the EM-derived synaptic connectivity map and promoter lines that enable these neurons to be targeted by genetic means [6] . Indeed, one of the coming challenges will be to correlate the genetically targeted neurons with those identified in the EM sections, and we are, for the moment, ignoring the structure and function of the neuromodulatory and gap junction interactions entirely. Given this perspective, studying feeding behavior in the larva, whose feeding habits and habitat differ significantly from adults, may provide fruitful, complementary insights [7] .
One final comment on the recent works on fly feeding behavior: the papers quite often end with comparisons to mammalian feeding systems. From the time that the molecular genetic approach to this field was essentially launched with the cloning of the mouse obese gene [8] , which encodes the adipocyte-derived hormone leptin, considerable effort has been devoted to elucidating the circuits in the central nervous system that mediate the action of leptin and its interacting neuropeptides [9] . Since feeding is such a fundamental behavior, it would not be surprising to find conserved regulatory features between flies and mammals. Nevertheless, it feels as if the fly has been playing catch-up to the mouse. The paper of Park et al.
[1] also ends with the statement that the EB neurons are like the mammalian AGRP/NPY neurons, since these also become activated when starved [10] . So how might the fly lead the way in the future, in terms of going beyond pointing out similarities to mammals? One might, for instance, identify novel molecules operating within these neurons through large-scale RNAi screens. But our bet, again, lies with the EM reconstruction. Through brain-wide circuit mapping, flies may reveal the architecture of specific circuits that could point to how mammalian circuits might be put together. After all, we are talking about one of the most elemental activities of animals -feeding and maintaining energy homeostasis. The anatomy of the external feeding apparatus varies enormously across the animal kingdom, even within different species of insects. Yet, the basic logic of how neurons in the brain deal with such basic physiological conditions as nutrient deprivation may have conserved features, extending to the architecture of the underlying circuits [11] . Taste-independent nutrient selection is mediated by a brain-specific Na + /solute co-transporter in Drosophila. Nat. Neurosci. 16, 526-528.
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Figure 1. Neuronal components of the feeding circuit in the adult Drosophila brain.
Motor neuron E49 innervates the rostrum protractor muscle involved in proboscis extension [12] . Motor neurons 11 and 12 (MN11 and MN12) innervate dorsal and ventral pharyngeal dilator musculature driving different subprograms for food ingestion [13] . These motor neurons are controlled by a central pattern generator (CPG), a neural network producing the rhythmic patterned output. The neural identity of the Drosophila feeding CPG is unknown. Interneurons located in the primary taste relay center integrate sensory information from external and internal nutrient sensors to regulate different aspects of food intake behavior, such as feeding inhibition by hugin (Hug) neurons [14] , proboscis extension by TH-Vum neurons [15] , feeding maintenance by the ingestion neurons (INs) [5] , and initiation of feeding by Fdg neurons [16] . DSOG1 neurons presumably control ingestion probability by inhibiting the CPG for feeding to enable the integration of sensory information and satiety status [17] . Serotonergic R50H05 neurons and SLC5A11 neurons convey nutrient balance status onto the downstream motor subprograms, e.g. foraging, feeding initiation and food ingestion [1, 18] . Internal sugar sensors, like Gr43a neurons and DH44 neurons, regulate ingestion, digestion and metabolic processes upon detection of nutritive sugar [19, 20] .
Recent publications illustrate an extensive crosstalk between the actin cytoskeleton and autophagy, a program for self-digestion. Actin polymerization provides a pushing force for organelle shaping and trafficking during autophagy, but the cytoskeleton is also targeted by autophagy under mechanical strain.
Biologists do it all the time -putting a coverslip onto cell material to get ready for microscopy. But have you ever thought about what happens inside unfixed cells when a coverslip is placed on top of them? A study by Patrick J. Hussey and colleagues, published in this issue of Current Biology, now demonstrates that the pressure of a coverslip is sufficient to induce autophagy in plant cells [1] .
Autophagy is a degradation process in eukaryotic cells, which involves the enclosure of cellular content by intracellular membranes, so-called phagophores or isolation membranes [2] . An autophagosome is formed and ultimately fuses with lysosomal vesicles, leading to content digestion by lysosomal hydrolytic enzymes (Figure 1) . Autophagy is important under starvation conditions, when non-selective selfdigestion provides macromolecules for cell survival. Furthermore, an increasing number of selective autophagy pathways have been identified in recent years [3] . In these cases, autophagy adaptors link selected cargo to the isolation membrane. Selection often involves the initial labelling of cargo with the small protein ubiquitin and subsequent recognition by ubiquitinbinding autophagy adaptors. Selective autophagy allows for the specific and regulated degradation of protein complexes and aggregates, whole organelles and invading pathogens. Autophagy is thus essential for the development and homeostasis of eukaryotic cells and has been linked to diverse human diseases including cancer, neurodegeneration and infection [2, 3] .
Autophagy is a fascinating process for cell biologists because a new organelle, the autophagosome, is formed within the cell in response to a physiological stimulus. For this, membrane material needs to be supplied and the molecular identity of the organelle needs to be established. Many studies point to the endoplasmic reticulum (ER) as the main source of the membrane material (reviewed in [2] ). But the Golgi
